ABSTRACT. The aim of this work is research in the insulation parameters effect on the thermal losses of watercooled roofs for secondary steelmaking electric arc furnaces. An analytical method has been used for the investigation in heat transfer conditions in the working area. The results of the research can be used to choose optimal cooling parameters and select a suitable kind of insulation for water-cooled surfaces.
INTRODUCTION
n order to extend the run time between repairs of electric arc-heated furnaces and to reduce consumption of refractories, in recent years modular water-cooled components are used more frequently in their design. Application of such components, however, involves increased thermal losses, and their faultless operation imposes additional design and operation requirements. It is well-known that, in the presence of water-cooled components, one of the possible ways to reduce thermal losses is application of low-emissivity coatings. Another option is creation of additional heat resistance using refractory insulation. The effect of applying such insulations and coatings depends on the thermophysical characteristics of the materials. Besides, one should expect that, depending on the particular construction, the influence of the thermophysical and radiation insulation characteristics on thermal losses is not simple. That provoked a more detailed study of the water-cooled elements thermal performance under various options of additional measures (application of additional insulation) which would help to establish the influence of various parameters.
MATHEMATICAL MODEL OF HEAT EXCHANGE
he normal work and efficient usage of water cooling elements requires restrictions to be made and a number of special features to be taken in consideration when defining the constructive parameters:
 heat load under the influence of the arcs and metal;  cooling water movement regime;  outlet cooling water temperature;  possibilities for heat losses decrease through protective cooling covering with a definite emissivity and thickness.
I T
From the published models [1] [2] [3] for the analysis of heat transfer process in the work area of the electric arc steelmaking furnaces(EASF) using the water cooling elements two ways are used: 1.
Outer heat transfer at stationary heat conduction of the wall, roof and metal at which the electric arc can be taken as a point energy source.
2.
Outer and inner heat transfer on the basis of immediately heat balance of the whole system. The heat balance of the working area of EASF can be given with the equation [2] :
In the heat exchange description, the chamber space of the secondary steelmaking electric arc furnaces (Fig. 1 ) was reduced to two surfaces (F sum =F m +F w-f and F c.el ) forming a closed space. The heat float falling through the flat cooling element can be determined by the following equation [2] :
Determining of the heat lose according Eq. 
AN EFFECT OF HEAT INSULATION PARAMETERS ON THERMAL LOSSES OF WATER-COOLED ROOFS
hermal losses through cooling water have been calculated for various insulation thicknesses and types of materials. The thermophysical characteristics of silica, magnesite, chromitee, shamote, magnesite-chromite and chromitemagnesite refractory of various thicknesses and their own emissivity have been used as input data for the study. For faultless operation of the water-cooled roof panel, water temperature at the outlet shall not exceed 60 О С. It was assumed that water temperature at the panel outlet was 30 О С, and water temperature difference between the panel inlet and outlet was T=10 °C. As a result of the calculations, the thermal losses, the average heat transfer coefficient to the water, and the required water flow rate ensuring compliance with the restrictions imposed on outlet water temperature were obtained. The resulting heat losses and temperature changes on the insulation surface depending on its thickness for silica, magnesite, chromitee, shamote, magnesite-chromite and chromite-magnesite are presented in Fig. 4 to 9. The thermophysical characteristics of these materials are presented on Tab. 1. From Fig. 4 it can be seen that, in the case of silica insulation depending on the insulation thickness 1mm to 20 mm, the thermal losses decrease with 50% from 1.83MW to 0.92 MW, or 8.3 % from the heat generated from the electric arcs. At the same time surface thermal resistance increases up to 0.01 m 2 K/W and temperature -to 950°C. Similar values can be seen in the case of cromite insulation (Fig. 5) where the surface temperature increases up to 820 O C and temperature resistance-up to 0.013 m 2 K/W. The magnesite insulation (Fig. 6 ) ensures heat losses in the range of 13% to 12.8% from the heat generated from the electric arcs, i.e. thermal losses decrease with very low values of 0.2%. This is in consequence of the high thermal conductivity with values of thermal resistance 0.003 m 2 K/W. The surface temperature increases up to 300 °C.
T
The shamote insulation (Fig. 7) has a high level of thermal resistance, which at thickness of 0.012m is 0.012 m 2 K/W, the surface temperature increases up to 1040°C and heat losses decrease from 1.76MW to 0.73MW by 60%. In the case of chrome-magnesite (Fig. 8) insulation the heat losses decrease to 14 % and the surface temperature is 580°C for 0.020m thickness of insulation. For magnesite-chromite insulation (Fig. 9 ) these values are 15%, thermal resistance R=0.005 and surface temperature Tr= 420°C Fig.10 shows that, in the case of shamote insulation, thermal losses are smaller, which can be explained by the lower heat conductivity of this type refractory. At the same time, with such insulation, surface temperatures are higher than those of the rest insulations. It can be seen that all insulations have a higher level of initial values of heat losses than magnesite and with increasing of insulation thickness their heat losses decrease. It can be explained with the lower value of emissivity (=0.38) of magnesite material than the emissivity of the other materials. With the increase of magnesite insulation thickness to 0.008 m, the surface temperature increases up to 136°C and the heat losses are the same as in the case of shamote, but the surface temperature of shamote insulation increases up to 730 O C. At about 0.015m thickness of the magnesite insulation, the heat losses are similar to the heat losses of magnesitechromite and crome-magnesite, but the surface temperatures of the cooling element for the last two materials are respectively 319°C and 436°C. A graphical summarizing of investigated materials behavior is presented on Fig. 10 . As seen from the obtained results and the thermal balance of the water-cooled element (Fig. 2) , with the same insulation thickness and lower thermal conductivity coefficient, the surface temperature is higher compared to that in the case of higher thermal conduction, whereupon the own radiation heat flux (Q own ) of the roof cooling element is higher. In the case of lower insulation thickness, the surface temperatures are lower, and under such conditions and lower emissivity (<0,5), the reflected heat flux from the surface (Q refl ) has a higher value than the absorbed flux (Q abs ) and the own radiation of the surface is lower. For larger thickness and lower values of thermal conductivity, the surface temperature becomes higher than 500°C, and the own radiation of roof cooling element has a higher effect on the surface's thermal balance. Under such conditions, the cooling element participates in the heat transfer with significant quantities of the radiation heat flux from own radiation, depending, to the highest extent, on the surface temperature and surface emissivity and has the behaviour of a refractory-brick roof with all their shortcomings. For the same insulation thickness and higher thermal conductivity coefficient, the surface temperature is lower compared to that in the case of low thermal conductivity, consequently the own radiation (Q own ) of the water-cooling element is lower and under such conditions and lower emissivity (<0.5), the reflected heat flux from the surface (Qrefl) has a higher values than the absorbed flux (Q abs ). Obviously, the use of such heat insulating materials for heat losses reduction is restricted by insulation thickness, levels of thermal conductivity coefficient and emissivity. The high level of the surface temperature has to be avoided, because the higher surface temperatures are sources of thermal gradients and thermal stresses and can lead to destruction of insulations.
Kind of insulation
Therefore, the application of insulation materials on water-cooled roofs should be limited in their safety working conditions, i.e. in the range of surfaces temperatures with low values of thermal gradients and thermal stresses across insulation thickness. As can be seen from Fig.10 , magnesite can be recommended as an appropriate material with its own low values of emissivity, surface temperature of insulation and thermal gradient across insulation thickness.
4.CONCLUSIONS
detailed investigation of the water-cooled elements thermal performance under various options of application of additional insulation has been carried out. An analytical study was made to find the possible ways of reducing the thermal losses in the water-cooled roof of a 100t secondary steelmaking electric arc furnace. As a result of the study it was found that, magnesite can be recommended as an appropriate material with its own low values of emissivity, thermal losses and surface temperature of insulation during the work.
